








































































































































secondary neutrill. voltages. Genenlly, the electrical. exposures from \vhich cows were removed
during this test are more likely to be caused by ordinary voltages and currents in the stall due to
secondarY neutral-to-earth voltage than those due to earth current from distant sources..,. - ..','
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Appendb: B. Lusty Farm Study

A month-long study was conducted during March and April, 1993 on the David ~d Sue '''\..11Il

Lusty farm. ~Iilton~ Minnesota, under the auspices of the :'-linnesota Environmental Quality
Board (1vfEQB). The study was designed to evaluate observations by a number of dairy fanners
that disconnecting primary neutral grounds on and near their fa.rrns had immediate and
significant positive benefits in terms of herd health and production. During the study on the
Lusty farm, two of the distribution system' s ground rods were disconnected and reconnected
successively for approximately 1 week intervals to detennme whether this had any effect on the
bam's electrical environment or on the health and production of the cows. The ground
connection was performed blind in that only the NlliQB consultant knew whether the s'.V1tch was
open or closed. After the stucry was completed, the.data were distributed to and analyzed by
several reviewers, including·TERF, the Minnesota Inter Utility Stray Voltage Task Force
(MIUSVTF), and an NfEQB consultant.

The Science Advisors reviewed the written reports and heard presentations by the MEQB, the
utilities, TERF, the veterinarian who collected data on the Lusty farm, and the NfEQB consultant
who carned out the electrical measurements. Some of the data from the study also were
reviewed. A number of conclusions can be drawn from this information.

There are some drawbacks to the type of protocol used in the Lusty farm study (Le., the herd is
used as its 0\V1l control through on/off gro.unding switch-overs). First, the controls are not
concurrent. This makes evaluation of the results difficult because the herds themselves change
over time (e.g., lactation cycles vary within a herd and must be taken into account in data
analysis). Indeed the study documentation shows that five animals calved near the beginning of
the study and were added to the herd. Animals that have recently calved are toward the upper
range of their milk production, so the net effect is to raise milk production per cow. Tnis could
have inadvertently been attributed to interruption of the grounding. In addition, it is well
documented that water consumption should increase in this group.

One :ehavioral parameter, tail s\\itching during milking, appeared to increase when the ground
rods \vere connected. This is the only observation that would support the grounding hypothesis.
The on-off periods also should have been continued longer, at least two \veeks or longer each, to
allow investigation of sustained changes attributable or not to grounds conIlection/
disconnection.

Tnere was signi!lcant disagreement on the planning and design of the Lusty farm study and on
data interpretation among the farmers and utilities who participated. This is reflected in the fact
that the conclusions in the reports \"I;TItten by each of these groups differed. In the report TERF
prepared on the Lusty farm study and in public comments made by Mr. Lusty to the Science
Advisors, the claim was made that the primary ground current on the Lusty farm was reduced
jus. before the study began and throughout its course, from a reported normal level of about 150
milli:::....-nps (wA) to the :eported uIlusually low level of 30-40 mA. The claimed prima...··y g:ound
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current values irnmedi::tte!v or shortlv before and after the studv \vere never ir.deoendentlv- '" . .. ...

contirmed: however the 30~O m..-\ measurement was contlrmed throughout the study. If this
contention had been documented, it would have invalidated the study. Neverlheless. the very
existence of such a serious claim compromises the perceived credibility of the study.

Both fanners and utilities potentially have important roles to play in on-fann studies of effects of
electrical parameters on animal behavior, health and welfare. Fanners are deeply aware of the
normal status of conditions on the farm and have information thac should be ta.1.;:en into account in
on-fann research design. By the same token, the utilities have expertise in the electric
distribution system and thus experience and knowledge that also must be considered in designing
studies. Indeed, any changes to the primary distribution system can only be made by the serving
utility and must follow existing guidelines and regulations. However, the lack of consensus on
study conditions arid results among the different stakeholders involved in· the Lusty.farm study.
illustrate the problems that can ensue when parties with vested interests become deeply involved
in the design and analysis of a scientific research project In general, data collection, processing,
storing and analysis during scientific experiments should be carried out by trained scientists with
the necessary expertise and without vested interests. It would have been prudent to involve a
scientific advisory group in the planning and analysis phases of the Lusty fann study to avoid
some of the problems (i.e., multiple interpretations of the same data, lack of consensus on
findings) that arose under the exclusive guidance of a steering committee of parties with vested
interests.

Studies like the one on the Lusty farm are potentially very useful in determining an association
between a specific factor (e.g., current flowing into the earth at a primary ground rod) and a
particular outcome (e.g., reduced milk production). Tne Lusty study failed to provide evidence
that earth currents have adverse effects on dairy production or animal health. However, the study
\vas designed to measure possible effects of current flov"ing into the ground at the ground rod,
which is itselfjust one contributor to the total current in the earth. The results of the Lusty study
may be useful in designing a more comprehensive study of possible earth current effects.
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Appendb: C. Visits to Ylinnesota Dairy Farms

The J.uthorizing legislation specified that the Science Advisors make on-site visits :0 farms \\iu.~

formal and informal complaints concerning stray voltage J.nd use of the earth J.S J. conductor of
electricity. Accordingly, on April 19 - :2 L 1995, the Science Advisors visited six farms in the
vicinity of Alexandri~Minnesota. The nine Science Advisors were divided into two groups in
such a way that their scientific disciplines (e.g., veterinary medicine. physics. electrical
engineering, ~pidemiology) were represented on each farm. They \vere given a briering book
that contained for each farm a list of participants, an agend~ a summary of the dairy operator's
claims as presented to the PUC under the formal or informal complaint process, and a map of the
distribution system in arid around the fann.

Farm site visits lasted from one to four hours. Dairy operators demonstrated why they believed
earth currents, ground currents and/or other electrical factors were affecting their herds. Serving
utility personnel were on hand at most of the fanns to demonstrate methods of stray voltage
measurement and mitigation, to make grounding changes to facilitate farm demonstrations, and
to answer questions about the primary distribution system.

The intent of these visits was to become familiar with the facilities and overall environments on
these farms, meet the dairy operators, and observe demonstrations by the dairy operators and the
serving utilities. The Science Advisors are not charged with investigating specific claims and
thus the site visits were not intended to be investigations. A..ny thorough investigation would
require much more time than was spent on each farm during these site visits .

...\.fter the visits, the Science Advisors met to discuss their observations and any conclusions they
had \'vith respect to (1) the distribution system and stray voltage, (2) earth and ground currents,
(3) non-electrical parameters, and (4) other issues on each farm. These observations and
conclusions are summarized below:

1. The Distribution System/Stray Voltage

All s1.'< farms \vere reported to have low cow contact voltages by conventional stray voltage
standards (Le., well below the 0:5 volt generally considered to warrant mitigation) and are
isolated from the primary neutral system. None of the farms had operating electronic grounding
systems. A majority were served by single-phase lines. Potential electrical problems \vere
obse:"';ed on or near some of the farms, including substandard \\1re sizes, cow trainer installation
errors, missing isolator ground, temporary founh-\\ire installation, old primary phase insulators,
trees too near the phase \vire, spliced primary ground wires, improper fencer installation-; •.
corroded \viring in bam, use of isolation devices that may pass transients, and others. Some of
the non-standard wiring practices could pose safety problems. In observing the measuring
technique used by utility personnel during the visits to Minnesota dairy farms, it \vas noted that
the quality of the ground connections, whether on the primary or secondary side, was generally
;",I""""'s;s~"'''~ ,\~rh "..,.,..,11"',-l rcd/"'''ruh r"'Sl·st",.,C"'s oft",,., \'''''''';'''0 from s;~'" to sl'te b\' as T""'Iuch "s a• .6 ..... _ •• .t. ............ , • .60_. :::.v-...._.. ....-. "" ... _ -.10. _ ...... w.'" ~~ U.i.= ....v .. Jr..... "'"'
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factor of ten.

2. Emh Curreots. GrQund Currents q,nd Related Issues

A. number of demonstrations were conducted by farmers that \vere intended to show the presence
of and/or changes in earth currents. Dairy operators typically measured earth currents by
measuring current in wires between two grounds. Current measured in this wav ranged UD to 1- - - - ..
m..-\ bet\\ie~n re;:'e::ence grounds while disconnecting and reconnecting primary grounds. Current
measured bet\\!een distribution grounds and reference grounds was often higher than this due to. -
neutral-to-earth voltages present on the neutral conductors. Dairy operators maintained that these
measurements change when changes are made to the amount of current entering the earth at
primary or secondary grounds. AC magnetic fields were not detectable away from expected
sources, including over paths of earth current identified by farmers using the dowsing technique.

Soil types on at least half the farms visited were associated with till on rolling glacial terrain.
Abundant surface water and a likelihood of high mineral content are prevalent on all farms,
conditions that are conducive to the flow of earth current.

3. Non-Electrical p::rrameters

Signs of poor health and low milk production were reported by dairy operators and/or observed
by the Science Advisors during the site visits. However, time and other constraints prevented the
Science Advisors from considering possible causative factors or assessing their relative
importance on these particular farms. Among the non-electrical factors that may be important, in
general, to improved herd health and production are: housing, nutrition, genetics, cow comfort,
reproductive status. milking procedures and equipment, infectious diseases, \vater quality, water
availability, rearing of calves, stanchion, stall design, bedding and drainage of excess water near
the barn. Successful evaluation and elimination of potentially harmful non-electrical factors
typically requires regular, extensive and long-term'study followed by implementation of
appropriate remedies.

4. Other rs~ues

Several of the dairy operators conducted "ley line" demonstrations using "do\\ising rods." These
metal rods are purported to cross in the hands of an individual (do\vser) \vho is standing over the
path of an earth current. The do\vsing rods \vere observed to cross in certain areas in the har.ds
of some individuals. Ho\vever, no conclusions· can be dra\'m from these demonstrations' because
there is no established scientific evidence indicating a relationship between dowsing and ley lines
and/or earth current.
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Appendb: D. Stray Voltage :lnd Ground Current Investigations in \Visconsin and Related
Activities

Tne :mthorizing legislation specified that the Scie:lce Advisors are to review existing
inrormation, including information from other states, and monitor ongoing research into the use
of the earth for carrying current and its effects on animal he::lith and production. Among the
states. Wisconsin probably has been the most active in the area of stray voltage and ground
currem investigation. In addition, since \Visconsm is a dose neighbor of Minnesot3., ecorts there
have been the Science Advisors l primary focus of attention to date.

Tne Science Advisors have reviewed documents on stray voltage and ground currents
proceedings under the Wisconsin Public Service Commission's (PSC) Docket 05-EI-IQ6 (deals
with traditional aspects of stray voltage) and Docket 05-EI-I08 (addresses more recent and
controversial aspects of stray voltage such as magnetic field effects, ground currents, transients
and dc currents/voltages). The Wisconsin PSC is in' the process of deciding a course of action as
to needed research in these areas.

On February 27 - 28, 1995, the Science Advisors heard presentations from key participants in
\\lisconsin stray voltage data collection and research: NIT. Dan Dasho, Stray Voltage Program
Manager for the Wisconsin PSC, and Dr. Douglas Reinemann, Professor of Agricultural
Engineering, University of 'Wisconsin, ~fadison.- - .

According to NIT. Dasho, the Wisconsin PSC has been involved in stray voltage issues since
about 1980. A Stray Voltage Analysis Team (SVAT) was formed in 1989 to investigate
individual cases in a multidisciplinary format. To date 110 farms have been studied. \Visconsin
has detined stray voltage, based on expert testimony, as that voltage \vhich would produce a
current of 1 rnA. through a cow (as measured from water line to floor through a 500 ohm
resistor), the "level of concern requiring action." Tbis corresponds to 0.5 volts. The PSC
recognizes stray voltage mitigation as an ongoing process because of the complexity of the
electrical circuit and the variability in electrical parameters involved.

)'1r. Dasho also presented some intormation relev3J.'1t to earth currents. On Wisconsin farms, the
median magnetic field level from all sources is-between 0.6 and 0.7 milligauss as measured at 0,
3 and 6 feet above the floor. A typical step potential measured between front and rear hooves is
less than 0.05 volts. He reported that commonly measured step potentials are 10 to 100 times
smaller "han those benveen metal and floor, the CO\v contact points most likely to be associated
with traditional stray voltage problems.. Yfr. Dasho noted that earth current is related to stray
~;oltage through the front-to-rear hoof step potential, and that some farmers who.do not accept
proposed SV.-\T solutions attribute their problems to earth currents. He concluded that stray
voltage problems are reported more frequently in \vinter, partly because cows are in the bam and
are observ'ed more frequently. Problems occur under both \vet and dry conditions, he indicated.

:\fr. Dasho reported that the PSC participated LTl ar.. experiment in \vhjch three to five amps of ac
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current was injected into the emh between ground rods using a pormble ge:lerator. The
magnetic field in the area bet\vee:l them \vas at background levels. Tnis result. coupld with low
level magnetic tield measurements on problem farms in Wisconsin, ld )"lr. Dasho to speculate
that magnetic tields are unlikely to be an important causative agent of here health problems.

Dr. Reinemann has conducted a series of studies to test sensitivity of Co\VS to various electrical
pnr.:uneters. He presented information on recent experiments to test the sensitivity of cows to
rr:msicnt voltages nnd magnetic tields. His protocol employs a set of four :est stalls \vhich are
electrically isolated from their surroundings. Reinforcing grids in the floor provide a menns to
simulate earth current with no attendant step potential. Stalls are suspended on load cells
(electronic devices that detect weight shift) which allow automatic measurement and recording of
cow reaction to electrical stimuli. Cow reactions are also observed and video-recorded during
exposures.

Upon exposing 24 cows to a number of transient voltage waveforms, a wide, normally
distributed range of sensitivity was observed. The range over which cows responded to currents
produced by transient voltages "vas as follows: 2.6 milliamp to 8.9 milliamp for 5 cycle 83
millisecond (ms) transient, 1.4 milliamp to 9.9 milliamp for 1 cycle 16 ms :ransient, 4.4 milliamp
to 25 milliamp for 1 cycle 2 ms transient. Generally, larger magnitudes were needed to elicit a
response to faster transients.

Reinemann and colleagues also tested sensitivity of cows to magnetic fields on the assumption
that this parameter is one possible mechanism of interaction between earth current and the cow.
Current was passed through the floor grid at a fundamental frequency of 60 Hz with 2nd and 3rd
harmonics and random noise components. The largest magnetic field thus produced was 40
milligauss just above the stall floor. In another exposure, current was passed through a \vire coil
around the cow's neck to simulate ground currents in stanchions and water lines. The ma....imurn
field thus produced was 4 gauss at a fundamental frequency of 60 Hz \vith 2nd and 3rd
harmonics and random noise components. Another exposure was performed using only random
frequency noise. All three exposures were pulsed one second on and one second off for 30
seconds. No reSDonse \vas observed for dair·, cows eXDosed to these short duration but ver\' high

.. .4o. .. -

level magnetic fields. Dr. Reinemann indicated that studies on longer-term (2-3 weeks) exposure
to transient: voltages are underway in his laboratory and that existing test equipment would allow
for studies of long-term exposure to magnetic !lelds.
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Appendix E. PUC Report on the Use of the Earth as a Conductor of Electric Current by
Electric Distribution Facilities in lHinnesota

The authorizing legislation requires that the Public Utilities Commission determine the age and
condition of electric distribution facilities in the state and further that the Science Advisors use
this and other intbrmation to determine the extent to which these facilities use the earth as a
conductor of electric current. A 1995 PUC staff report and analysis is available which addresses
only the question of the extent to which the utilities use the earth as a conductor of current. The
PUC report summarizes data from distribution systems of 48 utilities that provide electricity to
rural Minnesota and provides a statistical description of the degree to which the earth is used as a
conductor of return current back to the substation. The extent to which the utilities use the earth
as a conductor of electric current is as follows: approximately 25 percent of the return current
t10ws in the earth for 3-phase line systems (Le., average of 4.21 amp), approximately 50 percent
for 2-phase line systems (Le., average ofS.OS amp), and approximately 60 percent for I-phase
line systems (Le., average of2.87 amp). As other PUC reports on the survey of electric
distribution facilities become available, the Science Advisors will review them in so far as they
are relevant to their charge.
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Appendh F. Public Comments

The Science Advisors have revie\ved responses to a September 1994 public notice publish~d by
the PUC requesting 'Nritten comments on scientific facts or questions that should be considered
in making a preliminary determination on the need for funher research on. stray voltage and earth
current issues~. Comments were submitted by a broad range of interested panies, including
individual scientists involved in related research. individual electric utilities. veterinary
practitioners and dairy management specialists. utility md dairy operator group representatives.
In addition. the Science Advisors have considered public testimony provided at each of their
public meetings. _.

This process yielded many resources, including important literature references,.historical
perspectives on stray voltage and related=problems, and information 'on related.activities in other
states.. Concerned fanners described the nature of the outcomes they associate ...-vith earth and
ground current problems, detailing the types of adverse behavioral and health effects they
observe \"ith dairy cattle and fann animals as well as \vith the people living on the farms. Some
of the observed effects were reported to occur immediately upon a change in the electrical
environment,. while others were said to occur two, three or more weeks after the change. Mmy
of the fanners requested that any proposed research address both of these situations.

Ctility representatives shared information on how they conduct stray voltage measurements. their
perspectives on mitigation procedures, etc. This group and others in the scientific community
stressed the importance of evaluating all potential affecters, including non-electrical paramerers.
in determining the cause of the dairy herd behavior, milk production and health problems
reported by concerned dairy operators.

~ Technical comments submicred to the Scie::ce Advisors in response to the public notice have been compiled
;md are available through the pee.
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